A rapid, selective and sensitive isocratic reversed-phase HPLC assay coupled with UV detection for quantifi cation of ketorolac in serum and synovial fl uid samples has been developed. Analytes were extracted on solid-phase cartridges (SPE) and chromatographic separation was achieved on a C18 column.
Introduction
Ketorolac (KT) [(±)-5-Benzoyl-2,3-dihydro-1H-pyrrolizine-1carboxylic acid] is a nonsteroidal anti-inflammatory drug (NSAID) with antipyretic and strong analgesic activity (Gillis and Brogden, 1997) . As a pyrrolo-pyrrole, KT is chemically related to indomethacin and tolmetin. The onset and efficacy of analgesia after systemic administration are claimed to be comparable to that of morphine sulfate (O'Hara et al., 1987) and pethidine (Oosterlink et al., 1990) , but KT causes less drowsiness, nausea, vomiting, and no abuse potential (Turturro et al., 1995) . KT is administered orally, parenterally (IV, IM), or as an ophthalmic solution. Parenteral and oral dosages produce similar pharmacokinetic profiles. Absorption is rapid and complete; bioavalability is 100% after oral or IM administration. Peak serum concentrations after IM injection and oral administration are achieved within an hour. KT is more than 99% bound to albumin; crosses the placenta and is distributed into breast milk in small quantities. The mean elimination half-life of KT after IM or oral dosing is 5.3 hours. KT is metabolized through hydroxylation in the liver to form p-hydroxyketorolac and its metabolites are primarly excreted in the urine (91%), and the remainder is eliminated in the feces.
KT, like other NSAIDs, are often used to alleviate pain and inflammatory processes (Colin, 2007) . NSAIDs competitively inhibit both cyclooxygenase (COX) isoenzymes, COX-1 and COX-2 (Warner and Mitchell, 2004) , by blocking arachidonate binding. Anti-inflammatory and analgesic effects have been attributed to the inhibition of prostaglandin synthesis (Koay, 1996; Galan-Herera et al., 2008) .
The aim of this study was to establish a simple and rapid high performance liquid chromatography (HPLC) method for identification and quantification of KT in serum and synovial fluid samples, to evaluate drug permeation. The assay was validated and applied to an in vivo study.
Though several chromatographic methods have been developed for the determination of KT by means of HPLC/UV or HPLC/mass spectrometry; some of these methods have a limit of quantification (LOQ) that is too high for evaluate permeation of KT in synovial fluid (Wang et al., 2001; Galan-Herera et al., 2008) . Some are enantioselective (Nagilla et al., 2007; Nagilla et al., 2009 ) and require expensive chiral columns and length analysis times; some requires long time for treatment sample (Wu and Massey, 1990 ).
This report describes the optimisation and validation of an HPLC assay coupled with UV detection for quantification of KT. Sample handling and chromatographic run times were minimized to provide quantitative results while maintaining high sensitivity, specificity, accuracy and precision for the pharmacokinetic evaluation of KT. In view of these applications the method, was tested on samples obtained from rheumatic patients.
Material and Methods

Reagents and extraction sorbent
Ketorolac and ketoprofen (KTP) (internal standard) were purchased from Sigma-Aldrich (Milan, Italy).
All solvents were HPLC grade: acetonitrile, isopropilic alcohol, and formic acid were purchased from Merck (Darmstadt, Germany); methanol from Carlo Erba (Milan, Italy); potassium phosphate and sodium acetate from Sigma-Aldrich (Steinheim, Germany). Water was deionised, and purified on a Milli-Q Plus Reagent Grade Water System (Millipore, USA).
The solid-phase extraction (SPE) cartridges Isolute C18 (EC) containing 200 mg of stationary phase and with a volume of 3 mL were purchased from StepBio (Bologna, Italy).
Chromatographic conditions
The HPLC system consisted of a model 126 solvent delivery unit (Beckman Instruments, Berkeley, CA) a model LC 295 UV-VIS (Perkin Elmer, USA), set at 313 nm, connected by a model 406 interface unit (Beckman Instruments, Berkeley, CA) to a chromatography workstation System Gold (version 6) (Beckman Instruments, Berkeley, CA)
Chromatographic separation was performed with a Beckman C18 column (ODS-250 mm x 2.1 mm -5 m); a guard column LichroCART 4-4 RP-18 (Merck, Darmstadt, Germany) was connected to protect the analytical column. The mobile phase was a mixture of methanol/ acetonitrile/isopropilic alcohol/phosphate buffer (0.02M) (10/25/5/60 v/v), degassed with an ultrasonic bath Branson (USA). Flow rate was set at 0.2 mL/min. Total run time was less than 12 min for each injection.
Preparation of stock and work solutions
Stock solutions of KT and KTP were prepared separately in methanol acidified with formic acid (0.1%) at the concentration of 1 mg/mL. Working solutions, for the preparation of calibration curves and quality control samples, were made by diluting, in methanol, stock solutions. Stock and work solutions were stored at -80°C.
Sample preparation
We combined 500 l of serum or synovial fluid with 5 l of IS, KTP (100 ng/l and 100 l of sodium acetate 0.5 M (pH 3). After mixing, the sample was transferred into an extraction cartridge conditioned with 3 mL of methanol and then 3 mL of water. After washing the extraction cartridge with 3 mL of water, the sample was eluted with 3 mL of methanol. After evaporation of the organic phase, under a nitrogen stream at 40°C, the residue was dissolved with 100 l of mobile phase and 20 l was injected into the HPLC system.
Calibrators and quality control samples
Calibrators and quality control samples (QC) containing KT were prepared adding known amounts of analyte to blank serum and synovial fluid. They were included in each batch of patient samples.
Pharmacokinetic validation
The analytical method was applied to real serum and synovial samples: after approval by the Ethics Committee of the Policlinico Universitario of the University of Udine and after obtaining informed consent, 20 rheumatic patients who had a synovial fluid sample for diagnostic purpose and were candidates to KT treatment, were prospectively admitted to the study; all patients received 30 mg of KT by IM administration. Each patient had only 1 blood and 1 synovial fluid sample. To obtain Area Under the Curve (AUC) values (calculated by means of trapezoidal rule) and to evaluate KT diffusion into knee articular fluid, blood and synovial fluid samples were collected, before KT administration, and 0.5, 1, 1.5, 2, 3, 4, 6, 7, and 8 hours following its administration. Blood samples were centrifuged at 3000 rpm for 10 minutes. Serum and synovial fluid samples were transferred to polypropylene tubes and frozen in liquid nitrogen until processing.
Results
Selectivity and specificity
We obtained a reliable separation of ketorolac and IS using the chromatographic conditions reported above. Chromatographic performance was good for both compounds with good peak shapes and acceptable retention times for routine activity. In an interference study, blank serum and synovial fluid samples were prepared as described above to check for peaks that might interfere with detection of ketorolac and IS. All samples gave chromatograms free of peaks co-eluting with ketorolac or IS (Figure 1 and Figure 2 ).
Calibration and linearity
Aliquots of blank plasma or synovial fluid (500 L) were enriched with ketorolac to obtain calibration samples ranged from 50 to 2000 ng/mL. Calibration curves were obtained by fitting the peak area ratios of ketorolac vs the internal standard with a linear regression model. Correlation coefficients, respectively for serum and synovial fluid, were 0.997 and 0.999 (Figure 3 ).
Daily calibration samples were prepared and analyzed with each batch of validations and/or authentic samples.
Linearity and limit of linearity (LOL), defined as the concentration at which the calibration curve departs from linearity, were evaluated analyzing quality control samples with concentration lower and greater than range of calibration curves. 
Recovery
The extraction recovery was determined comparing the analyteto-IS ratios in QC prepared in drug-free human serum and synovial fluid and reconstituted in the mobile phase and QC prepared in the mobile phase directly. The extraction recoveries, estimated at five different concentrations, ranged from 92.23 to 95.16% (93.38 ± 1.46 (mean ± SD) and from 90.65 to 94.40% (92.26 ± 1.746 (mean ± SD) respectively for serum and synovial fluid.
Limit of quantification and detection
The sensitivity of the method was evaluated by determining the lower limit of quantification (LLOQ) and the limit of detection (LOD). The LLOQ was selected as the LLOL (20 ng/ml) while LOD (5 ng/ml) was defined as the concentration with a signal-to-noise (S/N) ratio of at least three. 
Intra and inter assay
A series of QC samples were prepared at 10 different concentrations in the range of 30 -3000 ng/mL. Intra-day precision was calculated after four replicate runs of the same extracted sample; inter-day precision was calculated after extraction and analysis on 5 consecutive days (Table 1 ). 
Serum and synovial fluid concentrations
Discussion
The aim of this investigation was the implementation of an HPLC-UV method for the quantification of ketorolac in serum and synovial fluid samples of rheumatic patients. The proposed chromatographic procedure provides good results for the determination of ketorolac in serum and synovial fluid in terms of selectivity, specificity, linearity, LLOQ and LOD, recovery and reproducibility. We decided to use a chromatographic column with an internal diameter of 2.1 mm to cut down on mobile phase. This method seems to be more sensitive than those reported previously (LLOQ 20 ng/ml and LOD 5 ng/ml) (Oosterlink et al., 1990; Turturro et al., 1995) . This means that the proposed procedure is useful for pharmacokinetic studies and to evaluate KT diffusion into synovial fluid. Preliminary results, on a limited number of rheumatic patients, demonstrated that KT concentrations in the synovial fluid reach their maximum levels (C max ) more slowly than in the serum (3 hrs vs 1.5 hrs), and are more than 5 times lower than those in the serum. Furthermore serum KT concentrations decrease very rapidly by reaching quite similar synovial fluid concentrations after 4 hrs of drug IM administration.
The method, thanks to its rapid extraction procedure and short retention time, is also suitable also TDM of patients treated with ketorolac. We choose SPE for sample pre-treatment because this technique allows to obtain both a high recovery rate and cleaner samples than the liquid-liquid extraction.
After several months of routine evaluation of this method in our laboratory, we concluded that it is useful for TDM. By using this procedure, the extraction requires less than 30 min, chromatographic separation takes 12 min only and the chromatographic system presents a long-term stability.
